Some of the discrepancy can be explained by the different age groups of the various study samples. For example, the association between negative symptoms and TD tends to be stronger in older patients (Waddington et a!, 1985). The inconsis tencies in the literature on TD and psychopathol ogy can be explained partially by methodological issues such as the manner in which positive and negative symptoms are assessed, potential con founds related to neuroleptic treatment, study design, and whether the varied topography of TD is taken into account (Waddington, 1995 , 1991) . The primary objective of this study was to examine if a relationship exists between TD and positive and negative symptoms of schizophrenia, using a more extensive scale for rating the severity of positive and negative symptoms. In addition we employed both the conventional rating scale as well as objective instrumental assessments of TD.
Finally, to examine potential confounds due to the presence or severity of neuroleptic-induced parkinsonism, we examined tremor and rigidity using clinical and instrumental procedures. Based on previous studies on this issue, which indicate that TD may correlate with negative symptoms in older patients and with positive symptoms in younger patients, it was hypothesised that TD would likely be associated more strongly with negative symptoms than with positive symptoms and that this relationship would be independent of the presence or severity of neuroleptic-induced parkinsonism.
Method
Eighty-four patients with schizophrenia (DSM-Ill R) from the Psychiatric Day Hospital of the Calgary General Hospital were studied. Inclusion criteria included age between 18 and 65, able to give informed consent, cooperative, and stable on neuroleptics in the month before the study (no change in drug type or dosage). There were 62 male and 22 female patients. Forty-seven patients (56%) met Schooler & Kane (1982) criteria for TD. Thirty of the 37 non-TD patients exhibited no sign of dyskinetic movements in any body region, whereas seven had AIMS ratings of 1 or 2 on only one body region. The mean (s.d.) ages of the TD and non-TD patients were 38.3 (9.7)and 34.9 (9.6) years, respectively. Both groupshad similarmeanillness durations: 13.2 (7.4) and 11.0 (7.9) years, respec tively. The mean daily neuroleptic dose (in chiorpromazine equivalents) for the TD and non TD groups was 531 (497) and 396 (372) mg/day, respectively. Statistical analyses of the demographic and pharmacological data revealed no significant group differences for age, illness duration, gender, or daily dose of neuroleptic or anticholinergic medication.
All patients were assessed by a staff psychiatrist at the day hospital (RW or RD). Both psychiatrists participate in the various clinical drug trials being conducted in the unit, and these studies involve ongoing inter-rater reliability assessments. The psychiatrists had established good inter-rater relia bility on all of the following rating scales: (a) the Positive and Negative Syndrome Scale (PANSS; Kay et a!, 1987 ) was used to assess the level of the symptomatology of the subjects; (b) The Abnormal Involuntary Movement Scale (AIMS; National Institute of Mental Health, 1976) was used to rate the presence and the severity of abnormal move ments; and (c) The Neurologic Rating Scale (NRS), a simplified version of the Simpsonâ€"Angus Scale for extrapyramidal side-effects (Simpson & Angus, 1970) , was used to detect the presence of any extrapyramidal symptoms other than TD. This information is important since EPS have been found to be a possible confounding factor when studying TD (Brown& White,1991) .
Instrumental amessment

Dyskinesia
Although the AIMS has significant practical value in clinical settings, its reliability, sensitivity and validity is prone to rater subjectivity. To overcome this, various objective instrumental assessments of TD have been developed. There are several advantages of instrumental measures of motor dysfunction compared with traditional observer ratings, including: (a) greater sensitivity to sub clinical abnormalities; (b) linearity with respect to the behaviour being assessed (c) reliable upon test retest measurement, and (d) less susceptibility to examiner bias (Caligiuri et a!, 1995) . In the present study, patients underwent instrumental assessments of motor functions on the same day as the clinical assessments. The instrumental assessments were conducted by the one of the investigators (OY) who was blind to the results from the clinical ratings, in order to reduce experimenter or expectancy effect.
Measures of force instability were used to assess hand and jaw dyskinesia following the procedures described previously (Caligiuri et a!, 1991; 1995) . Abnormal movements were quantified using a procedure which recorded the error in the main tenance of steady-state force. Subjects were seated at a table facing a computer monitor with their hand placed in pronation on a rigid beam instrumented with resistive strain gauges. For measures of jaw force error, patients held a pair of rigid beams between the upper and lower central incisors and were instructed to maintain low levels of biting force. The monitor displayed the subject's force signal along with a target (equivalent to 350 centiNewtons of force). Subjects were in structed to match the target with their signal (flexing index finger against transducer) and to maintain that level as steadily as possible until told to rest. Three 20-second trials were obtained, each separated by a five-second rest. The segment with the greater range in force (determined by comput ing the force minima and maxima over the medial 80% of each segment) was subjected to quantitative analysis of error which includes low pass filtering to remove any tremor component. Error on this procedure is the direct result of irregular muscle contractions which produce changes in measurable force over time (df/dt). Final analysis of force error involves obtaining the coefficient of variation (CV) from the mean and s.d. of the force waveform. The reliability and sensitivity of this procedure as a measure of dyskinesia in patients with a variety of neuropsychiatric disorders has been reported pre viously (Caligiuri et a!, 1995).
Tremor
Postural tremor was quantified using the same procedures described above for TD. For the analysis of tremor, the force signal was digitised and subjected to fast Fourier transformation (FFT) and further analysed to obtain a measure of spectral amplitude, scaled in decibels (dB) within the 3â€"i Hz frequency range. Amplitudes within this frequency range have been shown to be particularly sensitive to the adverse effects of neuroleptics (Caligiuri et a!, 1991) and has been shown to be modulated by levodopa replacement therapy in patients with idiopathic Parkinson's disease (Caligiuri & Lohr,
1992).
Rigidity
The procedure for quantifying abnormalities in muscle tone involved measurement of wrist stiff ness. Muscle stiffness was evaluated using a device which simultaneously transduces displacement and torque of wrist flexion and extension. A portable lightweight wrist armature instrumented with strain gauges and a potentiometer was worn by the subject. Rotation of the potentiometer axis results in two output signals: degrees of rotation and torque. The ratio of torque/angular displacement constitutes stiffness and has been demonstrated to effectively model clinical rigidity (Caligiuri, 1994). In rigid muscles, more torque is required to move the limb compared with non-rigid muscles for the same displacement. A paradigm was employed in which the non-test arm was activated by the patient while the examiner manipulated the test arm. Contralateral motor activation increases the resting stiffness of the test limb in all cases of parkinsonian rigidy. Thus, the term â€oe¿ activated stiffnessâ€• reflects the increase in resting stiffness caused by motor activation. Twenty trials were administered for the resting and activated conditions for each hand. Stiffness scores were computed for rest and activation by obtaining the slope intercept of the force/rotation function. Because the relationship between force and displacement is highly linear The ratio of the activated slope coefficient to the resting slope coefficient serves as the index of rigidity.
Statistica! analyses
Stepwise logistic and linear regression procedures were performed to identify demographic, clinical, motor, and pharmacological parameters associated with the presence of TD and the severity of TD, respectively. Table 1 shows the means (s.d.) for the AIMS and NRS ratings for the 47 TD and 37 non-TD patients. Also shown are the results of the instrumental assessments of hand and jaw dyskinesia, postural tremor and rigidity. Clinical assessments of parkin sonism indicated the presence of at least mild neuroleptic-induced parkinsonism among both groups of patients. Instrumental force measures indicated that the non-TD patients exhibited a mean error score suggestive of mild subclinical dyskinesia in both the upper extremity and jaw. Similarly, instrumental measures of wrist rigidity suggest mild impairment for both patient groups; whereas the instrumental tremor measure revealed relatively normal state for both patient groups.
Results
Parameters associated with the presence of TD Backward stepwise logistic regression procedures were used to identify parameters associated with the presence or absence of TD. The following indepen dent variables were entered into the procedure: age, gender, illness duration, neuroleptic dose, positive and negative subscale scores from the PANSS, and clinical and instrumental parkinsonism scores. The result produced a highly significant (F= 5.97 Tables 2 and 3 for the three clinical ratings of TD severity and the two instrumental measures, respectively. For each procedure, the same independent variables as above were included. For the AIMS total score, a 3-factor model consisting of age, clinical tremor, and negative symptoms was significant (F=9.09; P0.0003) and explained 25% (R=0.50) of the total variance. Beta (Ji) weights for the variables were positive, indicating that AIMS severity was related to increased age, more severe clinical tremor, and more severe negative symptoms. For the AIMS orofacial subscale score, a 4-factor model consisting of age, clinical tremor, negative symptoms, and illness duration was significant (F=4.93; P=O.O01) and explained 20% (R = 0.45) of the total variance. The negative $ for illness duration indicated that orofacial TD severity was related to shorter illness durations. A 3-factor model similar to that for total AIMS score was obtained for the limb-trUnCa1 AIMS subscale score which also explained the same degree of variance (25%). Regression analyses of individual items from the negative symptoms subscale of the PANSS revealed that the â€oe¿ lack of spontaneityâ€• (N6) item was associated with the AIMS total score (fl=0.31; P<O.005) 
Discussion
There have been approximately 20 published reports suggesting an association between negative symptoms and TD (see Waddington, 1995 for review). Markedly fewer studies have demonstrated an association between positive symptoms and TD. We found that positive symptoms were related to the presence or absence of dyskinesia, whereas the severity of TD was related to negative symptoms.
Negative symptoms
We found that the relationship between age, clinical tremor, and negative symptoms and TD did not depend on the specific topography of the movement disorder. This finding is consistent with Liddle et a! (1993) who found that negative symptoms were associated with risk for both orofacial and limb truncal TD.
It has been argued that the association between TD and negative symptoms may be an artefact of co-existing parkinsonism. While negative schizo phrenia is well-accepted as a valid clinical entity (McGlashan & Fenton, 1992) , the specificity of various states that underlie this concept may be somewhat ambiguous. For example, the affective and arousal components of the deficit state are difficult to distinguish from extrapyramidal signs such as akinesia, bradykinesia, and masked facies. Insofar as approximately half of all TD patients exhibit concomitant parkinsonism at some time during the course of illness, these motor signs, masquerading as negative symptoms, may lead to the conclusion that TD is associated with negative symptoms. This appears not to be justified on the basis of the present study in which tremor, a hyperkinetic motor sign, was the primary parkinso nian correlate with TD. Thus, the association between negative symptoms and TD cannot be explained as an artefact of the hypokinetic aspects of neuroleptic-induced parkinsonism.
Age
Liddle el a! (1993) found that age imposed a differential risk on orofacial compared with limb truncal TD, with patients with negative symptoms tending to develop orofacial TD at an earlier age than patients without significant negative symp toms. Age had no bearing on the prevalence of limb-truncal TD in patients with or without negative symptoms. The findings of the present study and a previous longitudinal study also utilising instrumental procedures (Jeste et a!, 1995) indicate that age is a significant factor associated with both orofacial and limb-truncal TD. It should be noted, however, that the relative contribution of age to the TD regression models was markedly greater for orofacial (fi = 0.48) than limb-truncal (fl=0.30) TD.
Parkinsonism
The presence of an association between tremor and dyskinesia is not new. There have been several studies on the coexistence of tremor and TD (see Caligiuri et a!, 1991 for review); we have previously demonstrated that tremor and dyskinesia may stem from a similar pathophysiological mechanism (Caligiuri & Lohr, 1992) . To our knowledge, none of the previous studies on co-existing tremor and TD examined their association with negative (or positive) psychopathology. While this was not a main goal of the present study, our findings support a hypothesis that TD patients with negative psychopathology are more likely to exhibit co existing tremor.
Neurotransmitter mechanisms
It remains plausible that some forms of TD and its severity may be related to positive symptoms. While the TD patients of the present study exhibited more severe positive symptoms than the non-TD pa tients, this clinical feature did not reach significance in the logistic regression procedures. However, positive symptoms were a significant factor in explaining some of the variance associated with an instrumental measure of dyskinesia severity. hypodopaminergia is thought to be responsible for the prodromal negative symptoms seen in the early stages of schizophrenia. The model contends that prolonged decreases in the level of dopamine activity leads to an upregulation, or supersensitiv ity, of dopamine D2 receptors. While the precise mechanism underlying TD has not been estab lished, some have argued that the condition stems from supersensitive dopamine D2 receptors (see American Psychiatric Association, 1992 for review).
Collectively, these models offer a plausible mechan ism based on dysregulation of dopamine neuro transmission for the relationships between the presence of TD and positive symptoms, and the severity of TD and negative symptoms.
Instrumental approaches
Instrumental measures of force error assess the severity of involuntary muscle contractions. As such they may be considered sensitive to sub clinical dyskinesia. The primary advantage of instrumental procedures in a study such as this is that our observed range of severity of dyskinesia derived from the force error scores was substantially wider than that derived from traditional AIMS ratings. This is a particularly important advantage when using regression analyses to model behaviour. Interestingly, the only consistent factor added to the explanatory models of TD, when defining TD using instru mental procedures, was rigidity. This finding suggests that when TD is operationally defined in such a way that mild, subclinical cases are included, the presence of parkinsomsm emerges as an important factor related to severity of TD. When strict criteria are used which exclude mild cases, parkinsonism is less important in the overall model of TD severity.
Conclusion
We found that advanced age, the presence of parkinsonian tremor, and negative symptoms were associated with the severity of orofacial and limb truncal TD. Using sensitive instrumental proce dures to assess subclinical dyskinetic hand and jaw movements, positive symptoms were found to be associated with limb dyskinesia whereas negative symptoms were associated with orofacial dyskine sia. These findings suggest that patients with positive symptoms who exhibit abnormal subclini cal motor phenomena may be at greater risk for developing TD than patients without abnormal subclinical motor disturbances. Instrumental pro cedures offer increased sensitivity in the assessment of mild or subclinical dyskinesia and may serve as an â€˜¿ early warning' preceding the development of the clinically overt syndrome.
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